INTRODUCTION {#sec1-1}
============

Rheumatic heart disease (RHD) occupies a unique place in pediatric global health. RHD is endemic where 85% of children under 15 years old live, placing nearly 2 billion children at risk.\[[@ref1][@ref2]\] RHD is responsible for nearly 345,000 deaths per year, the vast majority of which occur during the 3rd and 4th decades of life.\[[@ref1][@ref2]\] As such, it robs persons of the most productive portion of life, deprives their families of breadwinners, and curtails the workforce by death and debilitation. Coupled with the pregnancy-related complications in RHD-affected women, the deleterious impact of RHD can have a multiplier effect echoing across generations.\[[@ref3][@ref4][@ref5][@ref6]\] Therefore, arresting RHD may have long-lasting and rippling effects on the affected persons, relatives, and society at large.\[[@ref7]\]

Pathophysiologically, repeated bouts of group A streptococcal pharyngitis lead predisposed hosts to progressive left-sided cardiac valvar dysfunction resulting in congestive heart failure (CHF), arrhythmia, stroke, and eventually death.\[[@ref2][@ref5][@ref8][@ref9]\] Encouragingly, early detection and assiduous secondary antibiotic prophylaxis of mild RHD cases presents an opportunity for global RHD control.\[[@ref2][@ref10]\] A critical period for the provision of prophylaxis would be during the period of mild RHD since in low- and middle-income countries, the majority of patients present in adult life with advanced RHD, which began decades earlier.\[[@ref11][@ref12]\] Echocardiographic (echo) screening studies have revealed a large burden of latent RHD, defined as echo findings of RHD in asymptomatic children.\[[@ref13][@ref14][@ref15][@ref16]\] Recent Markov modeling work has shown echocardiographic screening to be a cost-effective strategy for RHD control but it is still relatively costly for widespread deployment in resource-limited settings.\[[@ref17]\] Alternative population screening modalities for latent RHD should be less resource-intense with respect to staff, equipment, and time and therefore, more scalable. Blood biomarker techniques could be such an approach.

Amino-terminal pro-brain natriuretic peptide (NT-proBNP) is a peptide that sits in preformed vesicles in ventricular cardiomyocytes.\[[@ref18][@ref19][@ref20][@ref21][@ref22][@ref23][@ref24]\] NT-proBNP is cleaved from the released pro-form of B-type natriuretic peptide (BNP) with the amino-terminal fragment being stable in the blood for some time.\[[@ref21]\] Adult studies demonstrate that in clinical circumstances including cardiomyopathies, valvar regurgitation, and CHF, the BNP system is ubiquitously and sensitively elevated. Even subtle elevation in BNP levels for subclinical, stable, and unstable cardiac disease predict progression including death.\[[@ref18][@ref25][@ref26][@ref27]\] Biologically, BNP has numerous effects including inducing diuresis and antifibrotic remodeling, both of which may be adaptive in RHD.\[[@ref23][@ref24][@ref28]\] In RHD, BNP is highly elevated in adults with severe mitral disease and the levels diminish after mitral valve surgery.\[[@ref22]\] While BNP is known to be elevated in children with primarily moderate-to-severe RHD-related and acute rheumatic fever-related regurgitation,\[[@ref29]\] the role of BNP as a marker of latent mild RHD, detectable by echocardiographic visualization, is unknown. This investigation tested the hypothesis that serum NT-proBNP is higher in children with latent, definite mild RHD without left atrial or left ventricular (LV) dilation, compared to matched controls.

MATERIALS AND METHODS {#sec1-2}
=====================

Study participants {#sec2-1}
------------------

Participants were recruited from northern Uganda. Children of 9-17 years old who had previously undergone school-based echocardiographic screening for RHD and were enrolled in a clinical follow-up program were included. Age- and gender-matched controls (within 6 months of the cases) were recruited from the siblings of these children. This recruitment strategy would efficiently equilibrate background features between the cases and controls in terms of living conditions and sociodemographic status. All the participants assented and the parents gave their consent for participation in this study after approval by the local institutional review boards in Uganda and core laboratory partner sites in the USA. Definite RHD was defined by the World Heart Federation (WHF) 2012 guidelines for the echocardiographic diagnosis of RHD.\[[@ref9]\] Exclusion criteria for the cases and controls included more than moderate mitral or aortic regurgitation on echo, left atrial (LA) enlargement (\>4.2 cm in girls and \>4.6 cm in boys),\[[@ref30]\] left ventricle (LV) dilation, LV dysfunction defined as ejection fraction (EF) by Simpson\'s biplane below 55%, congenital heart disease or other acquired heart diseases, pregnancy, anemia \[hematocrit (Hct) \<30\] or polycythemia (Hct \> 55) as they may independently elevate BNP levels,\[[@ref31][@ref32][@ref33]\] and other known significant acute or chronic health conditions. Of the 30 cases of definite RHD who were initially recruited, six were excluded for disqualifying echocardiographic findings and two for a combination of disqualifying echocardiographic findings and abnormal Hcts. Additionally, one initially matched control child was excluded for polycythemia and replaced with a second matched control.

Assessment {#sec2-2}
----------

At the research visit, a local cardiologist (TA) or a specialty-trained nurse performed echocardiograms on the participant children using standard portable echo machines (Vivid-Q, General Electric, Milwaukee, WI, USA), The echos were sent to a core laboratory with a single cardiologist with expertise in RHD performing interpretation and RHD diagnosis was confirmed by WHF 2012 criteria \[[Figure 1](#F1){ref-type="fig"}\]. Mitral and aortic regurgitation were assessed in the parasternal long and apical four-chamber views and were graded according to the published guidelines.\[[@ref9]\] Simpson\'s biplane method was used to assess left ventricular EF. A two-dimensional (2D) still frame at end systole in the parasternal long-axis view was used to measure LA size. Placing further emphasis on excluding patients with severe RHD, further exclusion criteria for cases were applied at this point, including more than moderate mitral or aortic regurgitation, decreased left ventricular systolic function, or left atrial enlargement.

![Parasternal long-axis image of a typical case of latent, definite RHD. (a) 2D image highlights the thickened mitral valve leaflet with a characteristic "dog-leg" deformity (solid arrow) (b) Color Doppler image shows characteristic posteriorly-directed mild mitral regurgitation (dashed arrows)](APC-9-120-g001){#F1}

At the time of the research visit, the case children and control children had 10 mL of whole blood divided into two tubes at the same draw. From one tube, hemoglobin was measured locally. From the second tube, serum was separated and frozen to -20°C and then shipped as a batch for analysis. NT- proBNP was measured in the clinical laboratory on the Roche E Modular system (Roche Diagnostics, Indianapolis, IN, USA) by a quantitative sandwich enzyme immunoassay technique. Day-to-day imprecision values at concentrations of 175 pg/mL, 434 pg/mL, and 6781 pg/mL were 3.2%, 2.4%, and 2.2%, respectively. Assays were performed after echocardiographic interpretation, thereby blinding echo readers to the results.

Statistical analysis {#sec2-3}
--------------------

Paired Student\'s *t*-test was used to compare NT-proBNP concentrations in RHD children versus control and to compare the levels in a sex-specific fashion due to the well-known differences in BNP levels between males and females.\[[@ref18][@ref21][@ref23]\] To address concerns about hemoglobin more precisely, cases and controls were combined into a pooled, multivariable adjusted logistic regression analysis. Case status was the dependent outcome, NT-proBNP concentration was the predictor of interest, and adjustment covariates included age, sex, and hemoglobin. Statistical Package for the Social Sciences (SPSS) 21.0 (PASW, Chicago IL, USA) was used for statistical analyses and two-tailed *P* values \<0.05 were considered to be significant.

RESULTS {#sec1-3}
=======

The 22 pairs of matched participants had a mean age of 12 years (range: 6--15 years), and 64% were females \[[Table 1](#T1){ref-type="table"}\]. There was no difference in the mean Hct between the cases and controls (*P* = 0.7). By definition, no case or control child had clinical cardiac symptoms, and all had normal left atrial size, left ventricular size, and left ventricular function. All 22 cases had mitral regurgitation (15 mild, 7 moderate) and at least 2 morphological abnormalities of the mitral valve. Additionally, five had aortic regurgitation (two trivial and three moderate) and three had at least two morphological abnormalities of the aortic valve. No included children had mitral or aortic stenosis.

###### 

Primary data

![](APC-9-120-g002)

Overall, RHD children had mean NT-proBNP concentration of 105.74 ± 67.21 pg/mL while for matched control children it was 86.63 ± 55.77 pg/mL (paired *t*-test *P* = 0.3). In adjusted regression models, RHD status was not a predictor of NT-proBNP level. Dichotomizing NT-proBNP at above versus below 125 pg/mL\[[@ref34][@ref35]\] did not affect results. There was no correlation between LA size and NT-proBNP level (Pearson *r*^2^ = -0.11, *P* = 0.46).

Given the well-described sex differences in NT-proBNP, sex stratified analysis shows that RHD boys had mean NT-proBNP of 158.78 ± 68.82 while for the controls, it was 76 ± 42.43 pg/mL (*P* = 0.008). RHD-affected girls had a mean concentration of 75.44 ± 45.03 while for the controls, it was 92.3 ± 62.35 (*P* = 0.4). In girls, 8 out of 14 had worse than mild mitral involvement. In boys, four out of eight had worse than mild mitral valve disease, indicating little difference in the distribution in severity of disease.

DISCUSSION {#sec1-4}
==========

In this case-control study of children, randomly drawn circulating NT-proBNP was not significantly different between RHD-affected and age-sex matched control children. However, in sex-specific analyses, NT-proBNP was significantly higher in RHD-affected boys while several girls in the control group had unexplained higher NT-proBNP levels.

The detection and secondary prophylaxis of early RHD offers great promise in RHD control and mitigation with knock-on effects for the affected person, family, and society, particularly in low-resource settings. Provision of cost-effective, simple antibiotic prophylaxis is of proven efficacy.\[[@ref8][@ref9][@ref10]\] Recent studies have demonstrated that echo-based screening for RHD compared to clinical evaluation detects substantially more cases of early latent RHD. To standardize detection, the WHF developed a suggested diagnostic schema for the proper diagnosis of clinically silent RHD, especially for high prevalence areas.\[[@ref9]\] Although recent work gives details that echo-based screening may be cost-effective under most conditions,\[[@ref17]\] echo screening is resource-intense with respect to equipment and personnel and challenges children\'s modesty, which is not trivial considering that more than 95% of disrobed children are predictably negative, leading to an ethical dilemma common to most screening programs regarding the burden on healthy persons to identify sick persons.

In response to these challenges, this study was designed to identify a new candidate biomarker for RHD detection. Screening biomarkers of RHD should be sufficiently sensitive to effectively rule out disease in otherwise clinically well persons. Biomarkers also need to identify early stages of the disease so that secondary prophylaxis can be instituted to prevent progression. In order to maximize efficiency, biomarkers would be testable on point of care, portable equipment with easy to interpret, simplified read-outs. A putative marker of RHD that fits these criteria might improve on the current gold standard methods by possibly reducing equipment costs, personnel costs, and localize ultrasonographic resources to specially trained centers. To identify a candidate biomarker, we relied on early RHD characteristically causing valvar regurgitation. Regurgitation volume loads the heart. This volume load can be compensated and even attenuated depending on the RHD progression such that LV dilation does not occur.

One such highly sensitive response to dilation and stretch is the release of BNP. Adult studies well-demonstrate that in clinical circumstances associated with ventricular dilation BNP is ubiquitously and sensitively elevated. BNP is well-documented to have a sexual dimorphism wherein females have a much higher BNP compared to males for an unclear cause.\[[@ref18][@ref21][@ref23][@ref25][@ref26][@ref32][@ref36][@ref37]\] In RHD, BNP is highly elevated in adults with severe mitral disease and the levels diminish after mitral valve surgery to remove the volume load.\[[@ref38][@ref39][@ref40]\] While BNP is described to be elevated in children with predominantly moderate to severe RHD or acute rheumatic fever,\[[@ref29]\] the role of BNP in latent mild RHD was unknown.

We found that NT-proBNP may distinguish mild RHD cases from the controls in boys but not in girls. This conflicting result may reflect the known sex difference in BNP.\[[@ref21][@ref23][@ref25][@ref26][@ref37]\] This result alternatively may be due to the controls not truly being unaffected. Since our recruitment strategy was to recruit unaffected siblings of RHD-affected children as controls, we cannot ensure that these children were free of any past history of RHD. Indeed, RHD and even echocardiographically detected RHD are known to regress and heal. If such an improvement occurred in the control children, unaffected siblings may be misclassified from a biological perspective although clinically and ultrasonographically at the time of evaluation they were not affected. Second, while we took care to follow WHF echo screening criteria as per previous studies, the natural history of latent, echo-only findings is not well-understood. In other words, it is possible but not likely that false-positive cases can occur even using WHF criteria if some persons have structural valvar variants, which give mild regurgitation but are physiologic and therefore, do not have pathologic BNP release. Similarly, our study focuses on mild, echocardiographically detected cases of RHD. The utility of NT-proBNP detection in a broader range of RHD severity and regurgitation cannot be inferred from this data. We assiduously attempted to exclude children with other illness and especially, those with confounders such as anemia. However, we may not have been perfectly successful in doing so and therefore, other clinical conditions confounded our results. Likewise, family members may have similar BNP levels and therefore, the distinction in NT-proBNP between a mildly affected child and an unaffected sibling may not have been large enough to detect a statistically significant difference in signal versus noise. We also cannot exclude exercise activity differences between the sexes as playing a role in the observed sex differences. Finally, our data focuses on the Ugandan population, which may not be generalizable to other contexts both in terms of RHD endemicity or biological response to valvar regurgitation.\[[@ref13]\]

CONCLUSION {#sec1-5}
==========

NT-proBNP did not distinguish children with mild, echocardiographically detected RHD without LV dilation from the controls. Boys did appear to differ significantly while girls did not due to higher concentrations in some girls. Nevertheless, the role of biomarkers of latent RHD is unclear and merit continuing scrutiny.
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